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ABSTRACT 



A wireless telephone set that performs digital communica- 
tion employs light-emitting diodes for illumination, and for 
alerting the user to incoming calls. To avoid disruption of 
carrier signal frequencies, the light-emitting diodes are 
switched on and off only during idle periods, such as idle 
time slots in time-division multiple-access communication. 
If the wireless telephone also has a vibrator for alerting the 
user to incoming calls, switching of the vibrator is similarly 
synchronized with the idle time periods, and the light- 
emitting diodes are preferably disabled while the vibrator is 
in use. 

16 Claims, 4 Drawing Sheets 
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FIG. 4 
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WIRELESS TELEPHONE FOR CELLULAR (33/*V)/(0.1 V)-Vkxy»o 

TELEPHONE SYSTEM It would be extremely difficult to design a voltage- 

BACKGROUND OF THE INVENTION regulating circuit possessing this degree of regulation per- 

. " . . . . , , formance within the size and cost constraints of a wireless 

Hie present invention relates to a wireless telephone set s tel honc xt with tical voltage-regulating circuits, 

for use m a cellular telephone system more particular y to when either ^ of ^ fa Qa Qf off 

the circuits that control the on-ou switching of light-emitting . . , , . ... 

diodes and a vibrator in such a wireless telephone set. ,he r W Ute " v ° lta Sf experiences a spike large 

T . ... , c j * i_ i T m \ enough to perturb the phase-locked loop significantly. The 

Light-emitting diodes (referred to below as LEDs) are ,fr • c , , ... 

, 6 .„ . f ^ u „ ... . i j i resulting carrier frequency disturbances can cause transmit- 

used to illuminate the pushbuttons and liqu id-crystal display n t . j . . M J 

c -i .it.. *i_ * .u . i u u 30 ting and receivuig errors, 

of a wireless telephone set, so that the telephone set can be ° - ui ■ .u ♦ .u * j u t i-i^ 

.... \ / - . • u. «/u A further problem is that the current drawn by the LEDs 

used in a dark environment, e.g. outdoors at night. When any , ., , r . , 4 , , . t ve , # . t . \ 

- . , . „ j t u i ™ ** u a ancl vibrator shortens the battery life of the telephone set. 

one of the pushbuttons is pressed, the LEDs are switched on 3 v 

and remain on for a predetermined period. The LEDs also SUMMARY OF THE INVENTION 
flash on and off in accompaniment with the ringing tone 

when a call is received, unless LED flashing has been It is accordingly an object of the present invention to 

disabled in advance by the user. prevent LED and vibrator switching from interfering with 

The vibrator functions as an alternative means to alert the transmitting and receiving operations in a wireless telephone 

user to incoming calls. When set to the vibrator mode, upon set. 

receiving a call, the telephone set activates the vibrator, 2Q A further object is to extend the battery life of a wireless 

instead of the tone ringer, and also flashes the LEDs, unless telephone set. 

flashing has been disabled. ^ i Dvente d wireless telephone set performs digital 
Older wireless telephone models were powered by a communication, and employs LEDs for illumination. The 
battery comprising four or five nickel-cadmium (Ni-Cd) LEDs are switched on and off responsive to user operations, 
cells coupled in series. This battery provided a supply 25 and are also switched on and off to alert the user to incoming 
voltage of 4.8 volts or 6.0 volts, enabling a pair of LEDs to calls, a controller identifies idle periods in which the wire- 
be driven in series. The telephone set typically had eighteen j ess telephone set is not performing digital communication. 
LEDs, one for each of twelve pushbuttons and six more for a LED control timing adjustment circuit synchronizes the 
the liquid-crystal display. Each LED draws about ten mil- switching of the LEDs with the idle periods, so that the 
liamperes of current, so when eighteen LEDs were driven in 30 LEDs are switched on and off only during the idle periods, 
nine series-coupled pairs, the total LED current drain was Interference with transmitting and receiving operations is 
about ninety milliamperes (90 mA). thereby avoided. 

To achieve lighter weight and more compact size, recent invented wireless telephone set may also have a 

wireless telephone sets are powered by only three Ni-Cd vibrator which can be switc hed on and off to alert the user 

cells, and operate at a supply voltage of only 3.6 volts. At 35 t0 incoming calls , j n this case , a vibrator control timing 

this reduced voltage, each LED must be driven separately, adjustment circuit synchronizes the switching of the vibrator 

making the total LED current dram about one hundred with the idle periodSj ^ thal the vibrator ^ likewisc 

eighty milliamperes (180 mA). The vibrator draws an addi- switched on and off only during the idle periods. When 

tional forty or fifty milliamperes. The large amount of incoming calls are announced by the vibrator, the switching 

current drawn by the LEDs, the even larger amount drawn 40 of the LEDs is preferably masked, so that the LEDs remain 

when the LEDs and vibrator operate simultaneously, and the off> thus exten ding the battery life by avoiding unnecessary 

large transient current drawn at the instants when the motor current drain, 
in the vibrator is switched on or off can lead to troublesome 

fluctuations in the voltage output of the battery. Problems BRIEF DESCRIPTION OF THE DRAWINGS 

occur particularly in digital cellular telephone systems. 45 

In a digital cellular system, the wireless telephone set FI £- 1 * » block diagram of the invented wireless 

must generate accurate carrier frequencies for transmitting telephone set. 

and receiving in, for example, the nine-hundred -mega hertz FIG. 2 is a more detailed block diagram of the LED 

(900 MHz) band. For this purpose, the telephone set has a control timing adjustment circuit in FIG. 1. 

frequency synthesizing circuit employing a voltage- so FIG. 3 is a more detailed block diagram of the vibrator 

controlled oscillator in a phase-locked loop. As a typical control timing adjustment circuit in FIG. 1. 

example of the synthesizing performance requirements, the piG. 4 is a timing diagram illustrating communication 

synthesized frequency must be controllable with an accuracy between the wireless telephone set and a base station. 

of one hundred hertz or better over a range of sixteen nG fi ^ a ^ ^ ilhlstrati a maUol s[ { 

megahertz in response to an applied direct-current control ss ated in the ^ 6 

voltage with a variable range of three volts. The required 

accuracy of the control voltage is therefore 0.33 microvolts u 6 U ls a timing diagram illustrating control signals in 

or better synchromzed and unsynchromzed states. 

(3 VxlOO Hz)/(16 MHz)*=0.33 ^mV. 7 is a timing diagram illustrating the operation of the 

The variation in battery output voltage caused by switch- 60 v i Drator - 

ing eighteen L£Ds on and off is on the order of one-tenth of DETAILED DESCRIPTION OF THE 

a volt (0.1 V). When the LEDs are flashing, the battery INVENTION 
output voltage has a rectangular waveform with a 0.1- V 

ripple. To obtain from this battery voltage a supply voltage An embodiment of the invention will be described with 

accurate to within 0.33//V, the telephone set requires a 65 reference to the attached illustrative drawings. In the timing 

voltage regulating circuit with a ripple attenuation factor of diagrams, control signals will be shown as active high, 

about Vmooo. although of course this is not a restriction. 



10/16/2003, EAST Version: 1.04.0000 



5,835,863 

3 4 

Referring to FIG. 1, the invented wireless telephone set switching signal F is identical to the LED switching signal 

comprises a radio-frequency section 1, a baseband signal- A, and when the LED masking signal C is active, the masked 

processing section 2, a system controller 3, an audio circuit LED switching signal F is always inactive. The logic gate 5 

4, a logic gate 5, a LED control timing adjustment circuit 6, is, for example, an AND gate with an inverter for inverting 

a vibrator control timing adjustment circuit 7, a keypad and 5 the LED masking signal C. 

display 8, a plurality of LEDs 9, and a vibrator 10. The The LED control timing adjustment circuit 6 receives the 

radio-frequency section 1 comprises an antenna 11, an masked LED switching signal F, idle-slot signal D, and 

antenna duplexer (DUP) 12, a transmitter 13, and a receiver synchronization status signal E, and outputs an adjusted 

14. The baseband signal -processing section 2 comprises a LED switching signal G which turns the LEDs 9 on and off. 

time -division multiple-access (TDMA) controller 15 and a 10 Similarly, the vibrator control timing adjustment circuit 7 

vector-sum-excited linear-prediction (VSELP) processor 16. receives the vibrator switching signal B, idle-slot signal D, 

Power is supplied by a battery 17 which provides a and synchronization status signal E, and outputs an adjusted 

nominal output voltage V BAT of, for example, 3.6 V. This vibrator switching signal H which turns the vibrator 10 on 

battery output voltage is supplied directly to the LEDs and off. 

9 and vibrator 10. A voltage regulator 18 receives V^ and 15 pj G 2 illustrates the structure of the LED control timing 
produces a lower but more accurately regulated voltage adjustment circuit 6, which comprises an edge-triggered 
Vreg> which is supplied to the radio-frequency section 1, D-type flip-flop 19 and a selector 20. 
and to other circuits as necessary. An edge -triggered D-type flip-flop has a clock input 
In the transmitting of voice signals, a pulse-code- terminal (CK), a data input terminal (D), and a data output 
modulation (PCM) coder-decoder (codec) in the audio cir- 20 terminal (Q). At the instant when the clock input (CK) 
cuit 4 converts an analog voice signal received from a changes from low to high, the data output (Q) is set equal to 
microphone (not visible) to a digital signal, which is pro- the data input (D). At other times, the data output (Q) is held 
vided to the VSELP processor 16. The VSELP processor 16 constant, regardless of any changes in the data input (D). All 
compresses this digital signal and supplies the compressed transitions in the data output (Q) thus take place in synchro- 
data to the TDMA controller 15, which sends the data to the 25 nization with the low-to-high transitions of the clock input 
transmitter 13 as a baseband signal in appropriate time slots. (CK). In the flip-flop 19 in the LED control timing adjust- 
The transmitter 13 uses this baseband signal to modulate a ment circuit 6, the clock input signal is the idle-slot signal 
transmit carrier signal generated by a phase-locked loop (not D, and the data input signal is the masked LED switching 
visible). The resulting modulated transmit signal is sent to signal F. 

the antenna 11 via the antenna duplexer 12 and transmitted 30 The selector 20 receives the masked LED switching 

to a base station (also not visible). s i gna i p at one input terminal and the output (Q) of the 

In the receiving of voice signals, the receiver 14 receives flip-flop 19 at another input terminal, selects one of these 

a modulated radio-frequency signal from the base station via two input signals under control of the synchronization status 

the antenna 11 and antenna duplexer 12, filters this signal to 35 signal E, and outputs the selected signal as the adjusted LED 

reject components outside the receiving frequency band, and switching signal G, The output (Q) of the flip-flop 19 is 

demodulates the filtered signal, using a receive carrier signal selected when the synchronization status signal E is active, 

generated by another phase-locked loop (not visible), to The masked LED switching signal F is selected when the 

create a received baseband signal. The received baseband synchronization status signal E is inactive, 

signal comprises compressed digital audio data, which the 4Q FIG. 3 illustrates the vibrator control timing adjustment 

VSELP processor 16, operating in synchronization with circuit 7, which comprises an edge-triggered D-type flip-flop 

timing signals supplied by the TDMA controller 15, expands 21 and a selector 22. In structure and operation, this circuit 

to create a PCM audio signal. The PCM codec in the audio 7 is completely analogous to the LED control timing adjust- 

circuit 4 converts this PCM audio signal to an analog audio meQ t circuit 6, except that the vibrator switching signal B, 

signal, which is reproduced through a loudspeaker (not 4J instead of the masked LED switching signal F, is input to the 

visible). flip-flop 21 and selector 22, and the output of the selector 22 

A description of the well-known processes by which the is the adjusted vibrator switching signal H. 

VSELP processor 16 compresses and expands audio data Next, the operation of the invented wireless telephone set 

will be omitted, to avoid obscuring the invention with will be described with reference to FIGS. 4 to 8. 

irrelevant detail. 50 FIG. 4 illustrates, as an example, the TDMA slot structure 

The system controller 3 communicates with the baseband employed in the Japanese Digital Cellular System. In one 

signal-processing section 2 and keypad and display 8, and frequency channel 24, a base station transmits data to three 

controls the operation of these and other parts of the wireless mobile stations (Ml, M2, and M3) in time slots designated 

telephone set. Among the control signals output by the TB-M1, TB-M2, and TB-M3. These time slots repeat cycli- 

system controller 3 are a LED switching signal A, a vibrator 55 cally as shown, each group of three consecutive time slots 

switching signal B, and a LED masking signal C. These being referred to as a frame. The frame length is twenty 

control signals are augmented by an idle-slot signal D and a milliseconds (20 ms). In another frequency channel 26, the 

synchronization status signal E output by the TDMA con- base station receives transmissions from the same three 

troller 15. Details of these signals will be given later. mobile stations in three time slots RM1-B, RM2-B, and 

The logic gate 5 receives the LED switching signal A and 60 RM3-B, which also repeat cyclically. 
LED masking signal C, and outputs a masked LED switch- The first mobile station Ml transmits and receives alter- 
ing signal F. The masked LED switching signal F is active nately in a time -slot sequence 28 in which a transmitting 
when the LED switching signal A is active and the LED time slot (TM1-B) is followed by a level-measurement time 
masking signal C is inactive. The masked LED switching slot (LM), a receiving time slot (RB-M1), and an idle time 
signal F is inactive if either the LED switching signal A is 65 slot (I). The transmitting and receiving time slots TM1-B 
inactive or the LED masking signal C is active. Thus when and RB-M1 correspond to slots RM1-B and TB-M1 at the 
the LED masking signal C is inactive, the masked LED base station, as indicated by the arrows. The level- 
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measurement slot (LM) is provided for antenna-switching frequencies or time slots to the wireless telephone set, the 

diversity control, which is useful if the mobile station has ID MA controller 15 holds the idle-slot signal D in the 

two receiving antennas. The idle slot (I) is not used for either inactive state, thus preventing any changes in the outputs of 

transmitting or receiving. flip-flops 19 and 21. These outputs are selected by the 

For the time -slot scheme shown in FIG. 4, if the invented s selectors 20 and 22 as the adjusted LED switching signal G 

wireless telephone set is mobile station Ml, the idle-slot and adjusted vibrator switching signal II, which are there - 

signal D has the waveform shown in FIG. 5. The idle-slot f ore a i so prevented from changing. This arrangement 

signal D identifies idle time slots (I) by going to the active assures that initial communication with the base station is 

(high) level during idle time slots (I), and to the inactive not disrupted by voltage fluctuations caused by switching of 

(low) level during transmitting time slots (TM1-B), receiv- 1Q the L£Ds 9 and vibrator 9 

ing time slots (RB-M1), and level -measurement time slots _ . , , , r . , . 

(LM) in the time-slot sequence 28. The idle-slot signal D can , 0nc f. the L bas ^ s f l ™ has assigned frequencies and time 

become active only when the wireless telephone set is slots, the phase -locked loops m the radio-frequency secUon 

synchronized with a base station. 1 be S m generating transmit and receive carrier signals at the 

Referring now to FIG. 6, suppose that the wireless tele- assi 8 ned frequencies, and the TDMA controller 15 starts 

phone set is not within range of any base station and is 35 generating time slots and begins output of the idle-slot signal 

therefore not synchronized. During this unsynchronized D - ™ e wireless telephone set is now ready to originate and 

period, the TDMA controller 15 does not generate any time receive calls. 

slots, the synchronization status signal E is inactive (low), If the wireless telephone set has not been placed in the 

the idle-slot signal D stays inactive (low), and the other vibrator call mode, when an incoming call is received, the 

control signals A, B, C, F, G, and H described above are all 20 system controller 3 activates the LED switching signal A, 

normally inactive (low), as shown at the left edge of FIG. 6. causing a rising transition 44 of this signal, but does not 

If the user presses one of the pushbuttons, to store a activate the vibrator switching signal B or LED masking 

number in the speed-dialing memory of the telephone set, signal C. Since the LED masking signal C is inactive, the 

for example, the system controller 3 activates the LED logic gate 5 generates a rising transition 46 of the masked 

switching signal A, causing a rising transition 30. Since the 25 LED switching signal F. 

LED masking signal C is inactive, the masked LED switch- In the LED control timing adjustment circuit 6, the output 

ing signal F is identical to the LED switching signal A and of the flip-flop 19 goes high at the next rising transition 48 

experiences a simultaneous rising transition 32. Since the of the idle-slot signal D, which occurs at the beginning of the 

synchronization status signal E is inactive, the selector 18 next idle time slot. Since the synchronization status signal E 

selects the masked LED switching signal F as the adjusted is active, the selector 20 selects the output of the flip-flop 19 

LED switching signal G. The adjusted LED switching signal as the adjusted LED switching signal G, causing a rising 

G therefore responds to the rising transition 32 with a transition 50 of the adjusted LED switching signal G to take 

simultaneous rising transition 34, which turns on the LEDs place in response to the rising transition 46 of the masked 

9. 35 LED switching signal F, but in synchronization with the 

The current drawn by the LEDs 9 depresses the battery 35 rising transition 48 of the idle-slot signal D. 

output voltage V BAT slightly. The drop of Vbat causes a The LEDs 9 now turn on, depressing the battery output 

momentary downward spike 36 in the regulated voltage voltage and causing a momentary downward spike 52 

Vrec Since the wireless telephone set is not communicating in the regulated voltage V^^, but since this spike 52 occurs 

with a base station, however, this voltage spike 36 does not 4Q at the beginning of an idle time slot, it does not interfere with 

create any transmitting or receiving problems. transmitting or receiving. The phase-locked loops in the 

After a certain time, the system controller 3 deactivates radio -frequency section 1 have ample time to recover from 

the LED switching signal A, causing a falling transition 38 the resulting frequency perturbation before the beginning of 

of this signal A. The LED masking signal C and synchro- the next transmitting time slot and the next receiving time 

nization status signal E are still inactive, so the masked LED 45 slot. 

switching signal F and adjusted LED switching signal G After a certain time, such as one second, for example, the 

respond by going low simultaneously with this falling system controller 3 deactivates the LED switching signal A, 

transition 38, turning off the LEDs 9. The battery output causing a falling transition 54. The masked LED switching 

voltage Vbat rises to the normal level again, the rise causing signal F goes low immediately, and the adjusted LED 

a momentary upward spike 40 in the regulated voltage 50 switching signal G responds by going low in synchroniza- 

Vreg> DUt since the wireless telephone set is still not tion with the next rising transition 56 of the idle-slot signal 

communicating with a base station, no problems occur. D. The LEDs 9 turn off at the fall of the adjusted LED 

Thus the LEDs 9 can be switched on and off at arbitrary switching signal G, restoring the battery output voltage 

times during unsynchronized periods. The resulting spikes to the normal level and causing a momentary upward spike 

in the regulated voltage do not disrupt communication, 55 58 in the regulated voltage V^^. This spike 58 also occurs 

because digital communication is not taking place. at the beginning of an idle time slot, in synchronization with 

Suppose next that the wireless telephone set is brought the rising transition 56 of the idle-slot signal D, and does not 

within range of a base station, detects a synchronization interfere with transmitting or receiving, 

burst transmitted by the base station, and thereby establishes Until the user presses a pushbutton to answer the call, the 

synchronization with the base station. The synchronization 60 system controller 3 continues to activate and deactivate the 

operations are carried out by the TDMA controller 15, under LED switching signal A, thereby flashing the LEDs 9 on and 

the direction of the system controller 3. When synchroniza- off at, for example, one-second intervals. The resulting 

tion is achieved, the TDMA controller 15 activates the spikes in the regulated voltage all occur at the begin - 

synchronization status signal E, causing the rising transition ning of idle time slots, and do not cause transmitting or 

42 shown in FIG. 6. 65 receiving problems. 

During the initial communication period, before the base Suppose now that at some later time, the wireless tele- 
station has assigned specific transmitting and receiving phone set is set to the vibrator call mode and, after synchro- 
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nizing with a base station, receives a call in this mode. The invention is not limited to use with the specific 
Suppose further that LED flashing has not been disabled by time-slot scheme shown in FIG. 4, but can be advanta- 
ge user. Referring to FIG. 7, when a call arrives, the system geously employed in any cellular system in which transmit - 
controller 3 first activates the LED masking signal C, ting and receiving periods are interspersed with idle periods, 
causing a rising transition 60, then begins activating and 5 For example, the invention can be practiced in code-division 
deactivating the LED switching signal A and vibrator multiple-access (CDMA) cellular systems having such idle 
switching signal B simultaneously at, for example, one- periods. 

second intervals. The invented wireless telephone set may also be equipped 

Since the LED masking signal C is active, the masked t0 transmit and receive not only digital signals but also 

LED switching signal F output by the logic gate 5 remains ]Q analog sigDalSj such as those employed in the North Ameri- 

inactive despite the activity of the LED switching signal A. can Advanced Mobile Phone System (AMPS). Suitable 

The adjusted LED switching signal G therefore also remains anal s ig na l-proccssing circuits must then be provided in 

inactive and the LEDs 9 do not turn on, even though the user ^ baseband signal . processing ^ c{ioti 2 . In this case, when 

has not disabled LED flashing. ^ wirdess telephoDe M is in communication with an 

In the vibrator control timing adjustment circuit 7, the js ana i og base station, while either waiting for or engaged in an 

output of the flip-flop 21 goes high and low m response to anal telephone callj no time slots are generated and the 

rising and falling transitions of the vibrator switching signal gignal D and synchronizatioQ status signal E reraain 

B, but the transitions in the flip-flop output occur in syn- mactive (low) Differing from the carrier signals employed 

chronization with rising transitions of the idle-slot signal D. [q digital communications , the carrier signals employed in 

Since the synchronization status signal b is active, the 2Q anak)g communication have less stringen t frequency accu- 

selector 22 selects the output of the flip-flop 21 as the racy requirementS| so the vo i t age fluctuations caused by 

adjusted vibrator switching signal H. The adjusted vibrator switching the LEDs 9 and vibrator 10 on and off do not have 

switching signal H thus goes high and low, switching the a significant effect on analog communications, 

motor in the vibrator 10 on and off at instants synchronized When ^ qrg &c{ ^ Qn for 

with rising transitions of the idle-slot signal D communication, no calls can be revived until syn- 

When switched on by a rising transition of the adjusted chronization with a base station is acquired, so the vibrator 

vibrator switching signal H, the vibrator motor draws an 10 neyer operates in the asynchronized state. The vibrator 

initially large transient current, then a smaller steady-state control timing adjustment circuit 7 can accordingly be 

current. The battery output voltage V^ r therefore dips by a simplified by eliminating the selector 22 and using the 

comparatively large initial amount, then recovers part-way 3Q om t of the fl . fl 21 direct , as the ad j usted vibrator 

toward the normal level. Similar fluctuations in V w occur switching signal H 

when the vibrator motor is switched off by faUing transitions If the { ^ ^ ^ aQ{ h ^ a vibfator 

of the adjusted vibrator switching signal H. These battery ^ 5 ^ control timi adjustment 

voltage fluctuations cause corresponding spikes 62 64, 66, ^ * ? ^ fee climinated and the tem controUer 3 need 

and 68 in the regulated voltage V^ G , but since the spikes 35 QGt & LED masking signal C. In place of the masked 

occur at the beginnings of idle time slots, they do not L£D ^ F, the LED switching signal A can 

intertere with transmitting or receiving. then be supplied directly to the LED control timing adiust- 

If the LEDs 9 and vibrator 10 were turned on and off ment ^^(5 

simultaneously as in the prior art, the combination of the r ™ , .„ , . . . n . . f 

f . , , , . » , fhose skilled in the art will recognize that further vana- 

LED current drain and the large transient current drawn by An t . ., , . . . . , . , , . 

& 4 r . 4 . . . Li J 40 Hons are possible within the scope claimed below, 

the vibrator motor at the moment of switching might exces- What is claimed is - 

sively tax the capabilities of the voltage relator 18 but ^ controll i ng , wire less telephone set that 

suice the LEDs 9 are au omaUcal ly duablcd by he LED forajs ^ communica ^ on ^ a b J. station in a 

masking signal C while the vibrator 10 is operating, this ,, , „ , u «. * . ,• u . a t 

, , & , ^ . & t cellular telephone system and has light-emitting diodes for 

problem does not occur. Moreover, since the LEDs are not 4S • J- * „ tUn ctanc J?. 

r . , . , . , j * * illumination, compnsing the steps ot: 

switched on, overall current drain is reduced, thereby . , . . 1 1 , , . . ; f. , . „ 

extending the life of the battery 17. sw.tch.ng sa.d hght-emUt.ng d.odes on and off response 

_ t . ... - ' T ™ n ... 4 . - 4 to operations by a user of said wireless telephone set; 

The automatic disabling of the LEDs 9 while the vibrator . _T , , . 44 . ... , „ t , 

, n • • • . * -^-r^^ ;,™„„™„™ f „ tu* switching said light-emitting diodes on and off to alert 

10 is in operation is not a significant inconvenience to the & . b |> 

user, because when the vibrator call mode is employed, the 50 . t saK l user . l ° incomin g caU fi L . j . , 

wireless telephone set is normally placed in the user's identifying idle periods in which said wireless telephone 

pocket, where the LEDs 9 are out of sight anyway. ^ 15 not Performing digital communication with said 

When the user answers the vibrator call, the system base statl0n i and 

controller 3 halts the output of active LED switching signal synchronizing the switching of said light-emitting diodes 

A and vibrator switching signal B, then deactivates the LED 55 with said idle P eriods ' 1° that Midjight^mitting diodes 

masking signal C, causing the falling transition 70. After this are switched on and off only dunng said idle periods, 

transition 70, the LEDs 9 can be switched on in response to 2 - ^ method of cIaun X > wherein: 

the press of a pushbutton by the user. said wireless telephone set performs said digital commu- 

By limiting disruptions of the regulated voltage to mcation b y a time-division multiple-access system hav- 

idle time slots, the invention improves the reliability of 60 ^ transmitting time slots, receiving time slots, and 

communication between the wireless telephone set and base ^ d ^ e t* me slots i 

station, particularly during the critical set-up period of an said idle periods comprise said idle time slots; 

incoming call, in both the normal call mode and the vibrator said step of identifying comprises identifying beginnings 

call mode. During all transmitting and receiving time slots, of said idle time slots; and 

the phase-locked loops in the radio-frequency section 1 65 said step of synchronizing comprises synchronizing the 

generate stable carrier signals, undisturbed by supply volt- switching of said light-emitting diodes with the begin- 

age fluctuations. nings of said idle time slots. 
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3. The method of claim 2, wherein: 

said idle periods also comprise unsynchronized periods in 
which said wireless telephone set is not synchronized 
with said base station and does not communicate 
according to said transmitting time slots, receiving time 5 
slots, and idle time slots; and 

said step of synchronizing comprises switching said light- 
emitting diodes on and off at arbitrary times within said 
unsynchronized periods, responsive to said operations 
by said user. 10 

4. The method of claim 1, wherein said wireless telephone 
set also has a vibrator, comprising the further steps of: 

switching said vibrator on and off to alert said user to 

incoming calls; and 
synchronizing the switching of said vibrator with said idle is 

periods, so that said vibrator is switched on and off only 

during said idle periods. 

5. The method of claim 4, wherein: 

said wireless telephone set performs said digital commu- 
nication by a time-division multiple-access system hav- 20 
ing transmitting time slots, receiving time slots, and 
idle time slots; 

said idle periods comprise said idle time slots; 

said step of identifying comprises identifying beginnings 
of said idle time slots; and 25 

said step of synchronizing the switching of said vibrator 
comprises synchronizing the switching of said vibrator 
with the beginnings of said idle time slots. 

6. The method of claim 4, comprising the further step of: 3Q 
masking the switching of said light-emitting diodes while 

said vibrator is being used to alert said user to an 
incoming call, so that said light-emitting diodes remain 
off and are not used to alert said user to said incoming 
call. 

7. A wireless telephone set for communicating with a base 
station in a cellular telephone system, said wireless tele- 
phone set having pushbuttons, a display, light-emitting 
diodes for illuminating said pushbuttons and said display, 
and a vibrator for alerting a user to incoming calls, com- 4Q 
prising: 

a first controller generating a first control signal for 
indicating when said light-emitting diodes are to be 
switched on and off, a second control signal indicating 
when said vibrator is to be switched on and off, and a 45 
third control signal indicating an interval of time during 
which said vibrator is repeatedly switched on and off by 
said second control signal; 

a second controller generating a fourth control signal 
indicating whether said wireless telephone set is syn- 50 
chronized with said base station, and a fifth control 
signal identifying idle periods when said wireless tele- 
phone set is synchronized with said base station but is 
neither transmitting a signal to nor receiving a signal 
from said base station; 55 

a logic circuit coupled to said first controller for gener- 
ating a sixth control signal that is identical to said first 
control signal when said third control signal does not 
indicate said interval of time, said sixth control signal 
being inactive when said third control signal indicates go 
said interval of time; 

a first timing adjustment circuit coupled to said first 
controller and said second controller, for combining 
said fourth control signal, said fifth control signal, and 
said sixth control signal to generate a seventh control 65 
signal that switches said light -emitting diodes on and 
off; and 
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a second timing adjustment circuit coupled to said first 
controller and said second controller, for combining 
said second control signal, said fourth control signal, 
and said fifth control signal to generate an eighth 
control signal that switches said vibrator on and off; 
wherein 

when said fourth control signal indicates that said wireless 
telephone set is not synchronized with said base station, 
said seventh control signal responds to and is synchro- 
nized with said sixth control signal, and said eighth 
control signal responds to and is synchronized with said 
second control signal; and 

when said fourth control signal indicates that said wireless 
telephone set is synchronized with said base station, 
said seventh control signal responds to said sixth con- 
trol signal in synchronization with said fifth control 
signal, so that transitions of said seventh control signal 
occur only during said idle periods, and said eighth 
control signal responds to said second control signal in 
synchronization with said fifth control signal, so that 
transitions of said eighth control signal occur only 
during said idle periods. 

8. The wireless telephone set of claim 7, wherein said first 
timing adjustment circuit comprises: 

a first flip-flop receiving said sixth control signal as a data 
input signal and said fifth control signal as a clock input 
signal and generating a first flip-flop output signal; and 

a first selector coupled to said first flip-flop, for selecting 
one signal among said sixth control signal and said first 
flip-flop output signal, responsive to said fourth control 
signal, and supplying the signal thus selected as said 
seventh control signal. 

9. The wireless telephone set of claim 7, wherein said 
second timing adjustment circuit comprises: 

a second flip-flop receiving said second control signal as 
a data input signal and said fifth control signal as a 
clock input signal and generating a second flip-flop 
output signal; and 

a second selector coupled to said second flip-flop, for 
selecting one signal among said second control signal 
and said second flip-flop output signal, responsive to 
said fourth control signal, and supplying the signal thus 
selected as said eighth control signal. 

10. The wireless telephone set of claim 7, wherein: 
said wireless telephone set communicates with said base 

station by a time-division multiple- access system hav- 
ing transmitting time slots, receiving time slots, and 
idle time slots; 
said idle periods are said idle time slots; and 
said timing adjustment circuit synchronizes said fourth 
control signal with the beginnings of said idle time 
slots, as identified by said third control signal. 

11. A wireless telephone set for communicating with a 
base station in a cellular telephone system, said wireless 
telephone set having pushbuttons, a display, and light- 
emitting diodes for illuminating said pushbuttons and said 
display, comprising: 

a first controller generating a first control signal indicating 
when said light-emitting diodes are to be switched on 
and off; 

a second controller generating a second control signal 
indicating whether said wireless telephone set is syn- 
chronized with said base station, and a third control 
signal identifying idle periods when said wireless tele- 
phone set is synchronized with said base station but is 
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neither transmitting a signal to nor receiving a signal 
from said base station; and 

a timing adjustment circuit coupled to said first controller 
and said second controller, for combining said first 
control signal, said second control signal, and said third 
control signal to generate a fourth control signal that 
switches said light-emitting diodes on and off; wherein 

when said second control signal indicates that said wire- 
less telephone set is not synchronized with said base 
station, said fourth control signal responds to and is 
synchronized with said first control signal; and 

when said second control signal indicates that said wire- 
less telephone set is synchronized with said base 
station, said fourth control signal responds to said first 
control signal in synchronization with said third control 
signal, so that transitions of said fourth control signal 
occur only during said idle periods. 

12. The wireless telephone set of claim 11, wherein said 
timing adjustment circuit comprises: 

a flip-flop receiving said first control signal as a data input 
signal and said third control signal as a clock input 
signal and generating a flip-flop output signal; and 

a selector coupled to said flip-flop, for selecting one signal 
among said first control signal and said flip-flop output 
signal, responsive to said second control signal, and 
supplying the signal thus selected as said fourth control 
signal. 

13. The wireless telephone set of claim 11, wherein: 
said wireless telephone set communicates with said base 

station by a time-division multiple-access system hav- 
ing transmitting time slots, receiving time slots, and 
idle time slots; 
said idle periods comprise said idle time slots; and 
said timing adjustment circuit synchronizes said fourth 
control signal with the beginnings of said idle time 
slots, as identified by said third control signal. 

14. A wireless telephone set for communicating with a 
base station in a cellular telephone system, said wireless 
telephone set having a vibrator for alerting a user to incom- 
ing calls, comprising: 

a first controller generating a first control signal indicating 
when said vibrator should be switched on and off; 
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a second controller generating a second control signal 
indicating whether said wireless telephone set is syn- 
chronized with said base station, and a third control 
signal identifying idle periods when said wireless tele- 
phone set is synchronized with said base station but is 
neither transmitting a signal to nor receiving a signal 
from said base station; and 

a timing adjustment circuit coupled to said first controller 
and said second controller, for combining said first 
control signal, said second control signal, and said third 
control signal to generate a fourth control signal that 
switches said vibrator on and off; wherein 

when said second control signal indicates that said wire- 
less telephone set is not synchronized with said base 
station, said fourth control signal responds to and is 
synchronized with said first control signal; and 

when said second control signal indicates that said wire- 
less telephone set is synchronized with said base 
station, said fourth control signal responds to said first 
control signal in synchronization with said third control 
signal, so that transitions of said fourth control signal 
occur only during said idle periods. 

15. The wireless telephone set of claim 14, wherein said 
timing adjustment circuit comprises: 

a flip-flop receiving said first control signal as a data input 
signal and said third control signal as a clock input 
signal and generating a flip-flop output signal; and 

a selector coupled to said flip-flop, for selecting one signal 
among said first control signal and said flip-flop output 
signal, responsive to said second control signal, and 
supplying the signal thus selected as said fourth control 
signal. 

16. The wireless telephone set of claim 14, wherein: 
said wireless telephone set communicates with said base 

station by a time -division multiple-access system hav- 
ing transmitting time slots, receiving time slots, and 
idle time slots; 
said idle periods comprise said idle time slots; and 
said timing adjustment circuit synchronizes said fourth 
control signal with the beginnings of said idle time 
slots, as identified by said third control signal. 
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